protein for its putative protein partners on another cell membrane and thus exert a dominant negative action. Since CNTNAP2 is only poorly expressed in cultured fibroblasts, another cell type is needed for functional studies. Human induced pluripotent stem cells (hiPSCs) derived from a daughter who met DSM-IV criteria for a schizoaffective disorder and her unaffected father (both carrying the 289.3-kb deletion) were used to investigate CNTNAP2 expression patterns [Lee et al., 2015] . From the hiPSC, neural progenitor cells (NPCs) were derived, which were induced to become glutametergic neurons with Ngn2. In NPCs of the daughter and the unaffected father, expression of the deleted exons 14-15 was lower than in the healthy mother. In contrast, both carriers showed increased expression of exons 23-24 of CNT-NAP2 . In hi PSC-derived forebrain neurons, a significantly increased CNTNAP2 expression of exons 2-3 and exons 23-24 was observed in the proband only, suggesting that the exon 14-15 deletion leads to increased expression of this allele, which is in agreement with the clinical phenotype. In Ngn2-induced neurons, which had reached electrophysiological maturity, again significantly decreased expression of the deleted exons 14-15 was detected in the affected daughter only. These findings agree with a study of allele-biased expression in hiPSC-derived neurons, which indicated allele-biased expression of putative schizophrenia and autism-associated genes, such as CNTNAP2 [Lin et al., 2012] . In Ngn2-induced neurons, but not in NPC and astrocytes, overall CNTNAP2 expression was increased in both CNTNAP2 deletion carriers compared with the noncarrier mother [Flaherty et al., 
With the development of ever higher resolution array-CGH platforms, detection of copy number variations (CNVs) as small as a single exon came within reach [Boone et al., 2010] . Meanwhile, whole-genome sequencing techniques brought the limit of detection down to the nucleotide level. Several molecular mechanisms can be envisaged to explain a possible contribution of a deletion or duplication of one or several genes or of a single exon to the phenotype(s) of a patient. First, phenotypic effects of deletions or duplications of one or a few exons of one allele may involve alterations in the protein domain(s) encoded by the exon(s) [Poot and Haaf, 2015; Poot, 2017; Veitia et al., 2018] . Second, if an intragenic deletion involves a transcription factor binding site, an imbalance between the levels of transcription factor protein molecules and their targets may result [Poot and Haaf, 2015; Poot, 2017] . Third, nonprotein-coding sequence elements, such as long noncoding RNAs, micro RNAs, antisense RNAs, etc., may be lost or duplicated. This may provoke an imbalance between the levels of mRNA and antisense RNA molecules [Poot and Kas, 2013] . A recent case of a patient with an inherited 289.3-kb deletion of CNTNAP2 including exons 14-15 does not convincingly fit into any of the 3 models outlined above and prompts to look for other possible explanations [Lee et al., 2015; Flaherty et al., 2017] .
Exon 15 is the first exon encoding the third Laminin G domain of CNTNAP2 [Poot, 2017] . If the allele with the deletion of exons 14-15 would be expressed, a CASPR2 protein lacking this domain would result. Such a CASPR2 protein would then compete with the full-length CASPR2 ]. Subsequently, differential expression analysis was performed, and the top 500 differentially expressed genes were subjected to enrichment analysis based on Gene Ontology. The most significant subset of genes mapped to Gene Ontology terms relating to DNA binding and central nervous system (CNS) development. Among the gene subset involved in CNS development, genes such as CNTN6 and CNTN4 appeared, which are involved in regulating cell surface interactions during CNS development and are also thought to influence synaptogenesis [Flaherty et al., 2017] . Interestingly, in a cohort of children with autism spectrum disorders, risk alleles of CNTNAP2 and CNTN6 occurred more frequently than expected, assuming random segregation [Poot, 2014] . In an independent cohort of patients with autism spectrum disorders, a single patient inherited mutated alleles of CNTNAP2 and CNTN6 from each parent [Mercati et al., 2017] . Although a mechanistic basis for these observations has not yet been proposed, they implicate differences in exonand allele-specific CNTNAP2 expression in the predisposition to some neurodevelopmental disorders.
A clue towards possible mechanisms for exon-or allele-specific gene expression emerged from research into the function of promoter and enhancer sequences. According to the classic paradigm, active promoters are localized 5 ′ to the transcription start site (TSS) of a gene. These can be easily discerned since at these sites, the fourth lysine residue of histone H3 (H3K4) is frequently marked by trimethylation and little by monomethylation [Heintzman et al., 2007 [Heintzman et al., , 2009 . In contrast, active enhancers close to TSSs are marked by H3K4 monomethylation, but not trimethylation [Heintzman et al., 2007] . In addition to enhancers close to TSSs, intragenic enhancers, whose chromatin is marked by high levels of H3K4 monomethylation and low levels of H3K4 trimethylation, have been described [Kim et al., 2010] . These intragenic enhancers may give rise to short bidirectional transcripts, known as eRNAs [Kim et al., 2010] . These eRNAs are not elongated and contain no poly(A) tails [De Santa et al., 2010; Kim et al., 2010] . Thus, promoters and enhancers produce different classes of RNA transcripts: either full-length mRNAs or short eRNAs [Heintzman et al., 2009; Kim et al., 2010] . More recently, a third class of trancripts, multiexonic polyadenylated RNAs, so-called meRNAs were found to be produced by activated intragenic enhancers [Kowalczyk et al., 2012] . These meRNAs appear as isoforms of the full-length gene and add significantly to the already known complexity of the transcriptome.
In addition to the full-length transcript of CNTNAP2, its genomic sequence encompasses several protein-coding and noncoding transcripts, which probably represent meRNAs originating from intragenic enhancers, each functioning as alternative promoters [Lee et al., 2015; Poot, 2015] . Conceivably, transcription of meRNAs from intragenic enhancers would slow transcription of the fulllength mRNA. A recent study showed that this is indeed the case, but not by the envisioned mechanism [Cinghu et al., 2017] . Performing genome-wide RNA Polymerase II (Pol II) chromatin immunoprecipitation sequencing (ChIP-seq) in mouse embryonic stem cells, the authors detected intragenic enrichment of Pol II binding at sites of tens of thousands of base pairs downstream of TSSs. The authors hypothesized that these Pol II binding sites may reflect sites of transcription regulation during productive mRNA elongation. To test this hypothesis, the authors systematically intragenic sites of Pol II enrichment. Thus, they found 1,928 intragenic RNA Pol II sites (IRSs), located at least 1 kb away from TSSs and transcription end sites of all known and predicted genes. This, by definition, excludes Pol II pausing sites immediately downstream of promoters and near 3 ′ cleavage or polyadenylation sites. These IRSs exhibit an accessible chromatin architecture, being marked by enhanced DNase I hypersensitivity, high levels of histone modifications H3K4 monomethylation, and H3K27 acetylation as associated with active enhancers. These IRSs did not show H3K4 trimethylation, which is associated with active promoters [Heintzman et al., 2007; 2009] . Therefore, these IRSs generally represent transcriptionally active intragenic enhancers.
Messenger RNA transcription of intragenic enhancercontaining genes is significantly lower than that of genes without IRSs [Cinghu et al., 2017] . This suggests that transcriptionally active intragenic enhancers somehow attenuate host gene mRNA expression. Thus, it is conceivable that Pol II-dependent transcription from intragenic enhancers on the sense strand may also interfere with Pol II-dependent mRNA transcription of the host gene on the same strand. With CRISPR/Cas9-mediated deletion formation, the authors demonstrate a physiological role for intragenic enhancer-mediated transcription attenuation in cell fate determination during early embryonic development. They also found no evidence of enrichment for R-loops and H3K9 dimethylation at IRSs or RNAi binding factors such as Drosha and Dgcr8 [Chen et al., 2016; Kurimoto et al., 2015 : Knuckles et al., 2017 . This suggests that eRNA transcription per se is not sufficient to explain IRSs-dependent transcription interfer-ence or attenuation. Therefore, intragenic enhancer transcription alone remains the only plausible explanation for IRSs-mediated transcription attenuation. The authors propose that intragenic enhancers fine-tune transcription of their host gene through transcription interference, thus facilitating a different use of the same regulatory element for disparate functions.
This phenomenon may not be restricted to lineage switching of embryonic stem cells and consequential cell fate decisions during embryonic development, but may also apply to neurodevelopment. For example, for genes with multiple isoforms, such as CNTNAP2 , NRXN1 , and CNTN5 , intragenic deletions may involve losses of intragenic enhancer sites, which in turn engender preferential transcription of the deletion carrying allele [Schaaf et al., 2012; Nava et al., 2014; Lee et al., 2015; Poot, 2017] . In this respect, it may be worthwhile to investigate patient-derived hiPSC neurons by Pol II ChIP-seq [Flaherty et al., 2017] .
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